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RADIO DEVICE AND ANTENNA STRUCTURE 



FIELD OF THE INVENTION 

[0001] The invention relates to antenna structures, and particularly 
to internal antennas used in radio devices, such as mobile stations. 

5 BACKGROUND OF THE INVENTION 

[0002] As wireless communication becomes increasingly common, 
more new frequency ranges are needed for different wireless systems. Mean- 
while the demand for wireless terminal equipment, such as mobile stations, 
supporting several wireless systems is also on the increase. The most recent 

10 mobile station models typically employ several of the following systems and 
frequency ranges: EGSM 900 (880 to 960 MHz), GSM 1800 (1710 to 1880 
MHz), GSM 1900 (1850 to 1990 MHz), WCDMA 2000 (1920 to 2170 MHz), 
US-GSM 850 (824 to 894 MHz), US-WCDMA 1900 (1850 to 1990 MHz) and 
US-WCDMA 1700/2100 (Tx 1710 to 1770 MHz, Rx 2110 to 2170 MHz). GSM 

15 1900 and some WCDMA frequency ranges, for example, then at least partly 
overlap. 

[0003] In small radio devices, such as mobile stations, the aim has 
often been to implement transmission and reception in all systems and fre- 
quency ranges by means of a single antenna. The small radio devices provide 

20 little space, so it would often be justifiable to use only one antenna. In such a 
case, however, different frequency ranges have to be combined to a common 
antenna by means of a lossy switch. The problem is particularly serious in con- 
nection with a WCDMA system wherein the use of a single antenna both for 
transmitting and receiving requires a duplex filter since transmission and 

25 reception take place simultaneously. In US-WCDMA 1900, for example, the 
duplex separation of the frequencies between transmission and reception is 
very small, so due to the strict filtering requirements, a duplex filter with as 
small losses as possible, such as a ceramic duplexer, has to be used. Such a 
duplex filter is considerably large and, in addition, it is typically advantageously 

30 installed underneath an antenna, which means that the antenna is provided 
with little space and the radiation efficiency of the antenna drops. 

[0004] Therefore, both for the size of a mobile station and minimiza- 
tion of losses, it would be more advantageous to use an antenna structure 
comprising two antennas and to divide the transmission and reception e.g. in 

35 the WCDMA system between different antennas. This would enable the large, 



loss-incurring duplex filter to be avoided and replaced by simpler band-pass 
filters. 

[0005] In such a solution, a problem is presented by the above- 
mentioned overlapping frequency ranges wherein simultaneous transmission 
5 and reception take place. The two antennas, or more precisely two radiators, 
provided in the single antenna structure and operating at least partly within the 
same frequency range couple strongly with each other during use. This means 
that when power is fed to a first radiator, some of this power transfers to a sec- 
ond radiator, which impairs the radiation power of both radiators and causes 
10 additional power consumption for the mobile station. In other words, isolation 
between the two antennas, i.e. radiators, is insufficient, typically of the order of 
less than 10 dB. 

[0006] The applicant's earlier European Patent application 1 202 
386 discloses a planar antenna structure for a radio device, wherein a planar 

15 radiator comprises at least one electrically non-conductive groove to enable 
the planar radiator to be divided into at least two parts, the frequency ranges 
provided by the two parts preferably being different. Such an antenna structure 
is advantageous e.g. in multifrequency mobile stations, but it cannot be used 
without losses for simultaneous transmission and reception taking place within 

20 the same frequency range; neither can the isolation problem described above 
be solved by such a structure alone. 

BRIEF SUMMARY OF THE INVENTION 

[0007] An object of the invention is thus to provide an improved an- 
tenna structure so as to enable at least some of the above-mentioned prob- 
25 lems to be alleviated. The object of the invention is achieved by an antenna 
structure and a radio device which are characterized by what has been dis- 
closed in the independent claims. 

[0008] Preferred embodiments are disclosed in the dependent 

claims. 

30 [0009] The invention is based on the unexpected discovery that 

when an antenna structure comprising two radiators matched for at least partly 
the same frequency range is used, at least one of the radiators being the 
above-mentioned groove plane antenna matched for several frequency 
ranges, considerable isolation is provided between the radiators. Such an an- 

35 tenna structure thus comprises at least one ground plane, at least a first and a 



second radiator located at a distance from the ground plane, both radiators 
being configured to provide at least one resonance frequency in order to pro- 
vide at least one frequency band, and an isolating layer between the ground 
plane and the radiators. 
5 [0010] The antenna structure further comprises separate feed 

points for the at least two radiators, the radiators are grounded by a ground 
point to at least some ground plane, and at least the first radiator is a groove 
plane antenna configured to provide at least two frequency bands, preferably 
at least one lower frequency band and at least one higher frequency band, at 

10 least one of the frequency bands being at least partly overlapping with at least 
one frequency band provided by the second radiator. The use of such a 
groove plane antenna in the above-described antenna structure results in ex- 
tremely strong isolation between the radiators such that coupling of the radia- 
tors with each other at least within the partly overlapping frequency range is 

1 5 substantially avoided. 

[0011] According to measurement results, the isolation between the 
radiators at least within the partly overlapping frequency range is substantially 
more than 10 dB, preferably more than 20 dB. 

[0012] A radio device according to an embodiment comprises the 

20 above-described antenna structure for delivering a radio-frequency signal, 
whereby in the radio device, simultaneous transmission and reception of radio- 
frequency signals taking place at least within the partly overlapping frequency 
range are differentiated between the first and the second radiator. 

[0013] Furthermore, in the above-described antenna structure, po- 

25 larizations between the radiators are substantially orthogonal such that the di- 
versity ratio between the radiators at least within the partly overlapping fre- 
quency range is substantially close to zero. According to a preferred embodi- 
ment, the above-described antenna structure can then be utilized for imple- 
menting diversity reception in a radio device comprising the above-described 

30 antenna structure for delivering a radio-frequency signal, whereby simultane- 
ous reception of radio-frequency signals taking place at least within the partly 
overlapping frequency range is configured to be carried out as diversity recep- 
tion by means of the first and the second radiator. 

[0014] The invention provides considerable advantages. An advan- 

35 tage of the antenna structure of the invention is that the isolation between the 
radiators is considerably strong, which means that little or no power loss oc- 



4 



curs from one radiator to another. However, the radiation power of the radia- 
tors is extremely good even within the overlapping frequency range. A radio 
device utilizing the antenna structure of the invention provides the advantage 
that the simultaneous transmission and reception of radio-frequency signals 
5 taking place within the overlapping frequency range can be differentiated be- 
tween different radiators, which enables a smaller structure and smaller power 
consumption. On the other hand, an advantage of the antenna structure is that 
since the diversity ratio between the radiators at least within the partly overlap- 
ping frequency range is extremely small, the antenna structure preferably en- 
10 ables diversity reception to be implemented. An advantage of a preferred em- 
bodiment is that a duplex filter of a radio device supporting a WCDMA system 
in particular can be replaced by a simpler solution which also incurs smaller 
losses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0015] The invention is now described in closer detail in connection 

with the preferred embodiments and with reference to the accompanying draw- 
ings, in which 

[0016] Figure 1 shows an antenna structure according to a pre- 
ferred embodiment; 

20 [0017] Figure 2 is a block diagram showing the front end of trans- 

mission and reception according to a preferred embodiment; 

[0018] Figures 3a and 3b show frequency characteristics of radia- 
tors of the antenna structure of Figure 1 arranged in the arrangement of Figure 

2; 

25 [0019] Figure 4 shows a simulated current distribution of the an- 

tenna structure of Figure 1; 

[0020] Figures 5a and 5b are block diagrams showing the front end 
of transmission and reception according to some preferred embodiments; and 
[0021] Figure 6 shows a diversity reception arrangement according 
30 to a preferred embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Referring to Figure 1, a preferred embodiment will be de- 
scribed in the following. Figure 1 shows a planar antenna structure called a 
PIFA (Planar Inverted F Antenna) antenna structure 100 comprising a ground 
35 plane 110, a first radiator 120 and a second radiator 130. The radiators 120, 



130 are located at a distance from the ground plane 110 such that air or an- 
other dielectric material is, as an isolating material, provided between the 
ground plane 110 and the radiators 120, 130. The first radiator 120 is a 
"groove plane antenna" which is connected to the ground plane 110 by a 
5 ground point 122 and to which radiation power is fed from a feed point 124. 
The ground point 122 constituting a grounding line is located substantially at 
the edge of the radiator 120. The feed point 124 can be implemented as coax- 
ial feed e.g. as a lead-through from the ground plane such that it resides at a 
substantial distance from the edge of the radiator. The feed point 124 can also 

10 be implemented by placing it at the edge of the radiator 120, in a similar man- 
ner to that of the ground point. 

[0023] The planar radiator 120 is provided with a first groove 126 
and a second groove 128, which are sections containing no electrically con- 
ductive material. Such a groove plane antenna structure is suitable for use in 

15 more than one frequency range. An open end of the first groove 126 resides at 
the edge 120a of the radiator 120, between the ground point 122 and the feed 
point 124. An open end of the second groove 128 resides at the edge 120a of 
the radiator, between the feed point 124 and the edge 120b. The second 
groove 128 is to produce a lower frequency range by separating a right-hand 

20 branch from the radiator, whereas the first groove 126 residing between the 
ground point 122 and the feed point 124 further divides the radiator 120 into 
two different branches, i.e. an element facing the ground point and an element 
facing the feed point, which are responsible for producing the higher frequency 
ranges. In order for the groove plane antenna to operate as desired, the first 

25 groove 126 is placed in the radiator between the ground point 122 and the 
feed point 124 such that a line segment provided between the ground point 
122 and the feed point 124 intersects with the first groove 126, whereby a 
smaller portion of the groove 126 is provided on the side of the open end of the 
groove 126 of the particular line segment, i.e. on the side of the edge 120a. 

30 The proportion of the smaller portion of the first groove 126 of the surface area 
of the entire groove 126 is typically of the order of few percentages at its 
maximum. 

[0024] The characteristics of a groove plane antenna can be de- 
signed as desired by changing the dimensions of the radiator 120, e.g. by 
35 changing the shape, length and width of the grooves and/or by changing the 
location of the feed or ground point; such changes always affect the resonance 



frequencies and the radiation power produced by the radiator. As to the pre- 
sent embodiment, the point is that the groove plane antenna is configured to 
radiate at least within one lower frequency range and within one or more 
higher frequency ranges. In connection with the present application, frequen- 
5 cies substantially slightly below 1 GHz (approximately 800 to 1000 MHz) are 
regarded as lower frequency ranges while frequencies substantially of 2 GHz 
(approximately 1700 to 2200 MHz) are regarded as higher frequency ranges; 
these frequency ranges are usually used by different mobile communication 
systems. However, the antenna structure of the present embodiments is not 

10 restricted to these frequencies only but it can also be applied to other, particu- 
larly substantially over 2 GHz, frequencies. European Patent application 1 202 
386 discusses the implementation of a groove plane antenna and details relat- 
ing to different embodiments thereof in closer detail. 

[0025] The second radiator 130 is a narrow, planar radiator whose 

15 surface area in this embodiment is substantially smaller than that of the first 
radiator 120. The second radiator 130 also comprises a ground point 132 con- 
necting the radiator 130 to a ground plane 110, and a feed point 134 feeding 
radiation power. The ground point 132 constituting a grounding line is located 
substantially at the edge of the radiator 130. The feed point 134 can be imple- 

20 mented as coaxial feed e.g. as a lead-through from the ground plane such that 
it resides at a substantial distance from the edge of the radiator. The feed point 
134 can also be implemented by placing it at the edge of the radiator 130, in a 
similar manner to that of the ground point. The second radiator is configured to 
radiate within a frequency range at least partly overlapping with at least one 

25 frequency range, preferably with a higher frequency range, of the first radiator. 
As far as the operation of the present embodiments is concerned, the shape or 
location of the second radiator 130 with respect to the first radiator 120 is ir- 
relevant; the only point is that both radiators are provided with a feed point of 
their own and, preferably but not necessarily, a common ground plane. 

30 [0026] The antenna structure of Figure 1 can preferably be config- 

ured to operate as an antenna structure for a multifrequency mobile station. An 
example of a multifrequency mobile station is a mobile station configured to 
support EGSM 900 (880 to 960 MHz), GSM 1900 (1850 to 1990 MHz), 
WCDMA 2000 (1920 to 2170 MHz) systems and frequency ranges. The GSM 

35 1900 and WCDMA 2000 frequency ranges then partly overlap. A similar situa- 
tion occurs in a mobile station employing the US-WCDMA 1900 (1850 to 1990 



MHz) and GSM 1900 (1850 to 1990 MHz) frequency ranges or US-WCDMA 
1700/2100 (Tx 1710 to 1770 MHz, Rx 2110 to 2170 MHz) and GSM 1800 
(1710 to 1880 MHz) systems. As discussed above, both for the size of the mo- 
bile station and minimization of losses, in such a mobile station it is advanta- 
5 geous to use an antenna structure comprising two antennas and to divide the 
transmission and reception in the WCDMA system between different antennas. 
This enables the large, loss-incurring duplex filter to be avoided and replaced 
by two simpler low-loss filters which, depending on the situation, can be low- 
pass, high-pass or band-pass filters. 

10 [0027] This enables e.g. the antenna configuration of Figure 2 to 

be used. In the block diagram of Figure 2, an antenna A1 corresponds with the 
first radiator 120 of Figure 1 and, similarly, an antenna A2 corresponds with the 
second radiator 130 of Figure 1. Via a switch S, the antenna A1 is configured 
to receive (RX) data transmission according to all above-mentioned systems. 

15 In addition, via the switch S, the antenna A1 is configured to transmit (TX) sig- 
nals amplified by an amplifier block Amp1 at both GSM frequencies, i.e. EGSM 
900 and GSM 1900. When a mobile station uses either of the GSM frequency 
ranges, the switch S is used for controlling the time-divisionally occurring alter- 
nation of transmission and reception within the particular frequency range. If, 

20 on the other hand, a WCDMA 2000 system is used, the switch S is shut off at 
all times and a received signal is filtered to a correct frequency band by means 
of a band-pass filter BPF1. The antenna A2 is configured only to transmit a 
WCDMA 2000 signal to be fed via an amplifier Amp2 and a band-pass filter 
BPF2. The transmission and reception in the WCDMA 2000 system have thus 

25 been divided between different antennas. 

[0028] As stated above, the characteristics of a groove plane an- 
tenna can be designed as desired by changing the dimensions of a radiator, 
such changes always affecting the resonance frequencies and the radiation 
power produced by the radiator. If the antenna structure of Figure 1 is ar- 

30 ranged in the configuration of Figure 2 so as to optimize the radiation charac- 
teristics of the antennas with respect to the frequency bands being used, 
matchings according to Figure 3a and radiation efficiencies according to Figure 
3b will result for the radiators 120 and 130. Radiation efficiency refers to the 
efficiency of a radiator wherein the matching of the radiator has been taken 

35 into account. 
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[0029] In Figure 3a, the matching of the first radiator 120 is desig- 
nated by a graph S11 and the matching of the second radiator 130 is desig- 
nated by a graph S22. As can be seen in Figure 3a, a first matching (lower fre- 
quency range) of the first radiator 120 substantially resides within a frequency 
5 range of 900 to 1000 MHz, the peak settling at a value of approximately 930 
MHz. Furthermore, a second matching (higher frequency range) of the first 
radiator 120 resides substantially within a frequency range of 1900 to 2020 
MHz, the peak settling at a value of approximately 1980 MHz. The second ra- 
diator 130 is configured substantially within a frequency range of 1800 to 2100 

10 MHz, the peak settling at a value of approximately 1960 MHz. It can be seen in 
Figure 3b that when considered with a 50% efficiency (-3 dB), the frequency 
bands of the first radiator 120 settle within ranges of approximately 880 to 980 
MHz and 1820 to 2030 MHz. Similarly, the frequency band of the second ra- 
diator 130 settles within a range of approximately 1780 to 2120 MHz. The sec- 

15 ond matching range and the higher frequency band of the first radiator 120 
thus substantially overlap with the matching range and the frequency band of 
the second radiator 130. 

[0030] As far as the antenna structure of the present embodiments 
is concerned, the important point is, however, the isolation between the radia- 

20 tors 120 and 130, which is designated by a graph S21 in Figure 3a. This shows 
that within the overlapping frequency range of 1920 to 1990 MHz of the GSM 
1900 and WCDMA 2000 and around this frequency range, the isolation be- 
tween the radiators 120 and 130 is substantially more than 20 dB. In other 
words, the isolation is extremely strong, which means that power transfer, i.e. 

25 loss, from one radiator to another is minimal. This, again, preferably cuts down 
power consumption and thermal losses, as well as increases the operation 
time for a mobile station. 

[0031] Figure 4 shows a simulated current distribution of the an- 
tenna structure of Figure 1 when a WCDMA antenna (radiator 130) is active at 

30 a frequency of 2083 MHz. A GSM/WCDMA antenna (radiator 120) is passive; 
it neither transmits nor receives signals. Due to the active WCDMA antenna 
(radiator 130), current is induced to the GSM/WCDMA antenna (radiator 120) 
around the closed end of the first groove 126. The currents, however, have 
opposite directions (arrows in opposite directions), which means that they can- 

35 eel each other out. In such a case, practically no power at all propagates to the 
radiator 120 from the radiator 130, which enables extremely strong isolation to 



be achieved between the radiators 120 and 130. As far as the generation of 
strong isolation is concerned, the shape and location of the second radiator 
130 with respect to the first radiator 120 is irrelevant; the point is that both ra- 
diators are provided with a feed point of their own and that the second radiator 
5 is configured to radiate within a frequency range at least partly overlapping 
with at least one higher frequency range of the first radiator. 

[0032] The current distribution of Figure 4 illustrates the basic inven- 
tive idea: when an antenna structure is used wherein two radiators are coupled 
to the same ground plane and wherein the radiators have feed points of their 

10 own and are configured to radiate at least within partly the same frequency 
range and wherein at least one of the radiators is a groove plane antenna, 
substantially strong isolation is provided between the radiators. The operating 
range and matching of a groove plane antenna can be adjusted by modifying 
different dimensions of the groove plane antenna; this is described e.g. in 

15 European Patent Application 1 202 386. However, as far as the implementa- 
tion of the present embodiments is concerned, the point is that the groove 
plane antenna is configured to radiate at least within two frequency ranges, 
one range, preferably a higher frequency range, being at least partly within the 
same frequency range as the frequency range of the second radiator. The 

20 strong isolation provided between the radiators can thus be utilized e.g. in the 
antenna configuration described in Figure 2 which, in turn, enables the imple- 
mentation of a mobile station to be advantageously simplified and power to be 
saved. 

[0033] As becomes apparent from the above-mentioned basic in- 
25 ventive idea, the invention is not restricted to the antenna structure of Figure 1 
only, but a similar isolation phenomenon occurs in all antenna structures fulfill- 
ing the above-mentioned requirements. Consequently, the antenna structure 
can be implemented e.g. such that both radiators are groove plane antennas. 
This can be implemented e.g. as an antenna structure otherwise similar to the 
30 above-described antenna structures except for the second radiator being re- 
placed by a groove plane antenna. By providing both groove plane antennas 
with a structure which enables the desired frequency ranges to be achieved, it 
can be shown that within the overlapping frequency ranges, the isolation be- 
tween the groove plane antennas is substantially more than 20 dB, which re- 
35 suits in minimal power transfer, i.e. loss, from one radiator to another. 
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[0034] In the above-described examples, the antenna structure of 
the present embodiments is utilized by implementing both transmission and 
reception of GSM frequencies and WCDMA reception by one antenna while 
another antenna is used for WCDMA transmission only. The invention is not, 
5 however, restricted to such a configuration but as far as most antenna configu- 
rations according to the embodiments are concerned, the only point is that the 
simultaneously occurring transmission and reception are differentiated be- 
tween different antennas, in which case the advantageous antenna structure 
enables sufficient isolation to be achieved between a transmitting and a receiv- 

10 ing antenna. 

[0035] Consequently, the embodiment of Figure 5a, for example, 
can be used as an antenna configuration, wherein the configuration is other- 
wise similar to that of Figure 2 with the exception that WCDMA transmission 
and WCDMA reception have traded places. Also in this configuration, when the 

15 mobile station uses either of the GSM frequency ranges, a switch S is used for 
controlling the alternation of transmission and reception taking place time- 
divisionally within the particular frequency range. When the WCDMA 2000 sys- 
tem is used, the switch S is shut off at all times, and a WCDMA 2000 signal 
amplified by an amplifier Amp2 and filtered to a correct frequency range via a 

20 band-pass filter BPF2 is transmitted. An antenna A2 is configured only to re- 
ceive a received signal filtered by a band-pass filter BPF1. Also in this configu- 
ration, the transmission and reception in the WCDMA 2000 system are divided 
between different antennas. 

[0036] Furthermore, the invention is not restricted to antenna con- 

25 figurations wherein a second antenna A2 operates as a WCDMA transmission 
or reception antenna only but e.g. some of the GSM functions can be config- 
ured in the second antenna A2. Consequently, the embodiment of Figure 5b, 
for example, can be used as an antenna configuration, wherein the functions 
of the GSM 1900 system (transmission and reception) are moved to the sec- 

30 ond antenna A2 together with the WCDMA 2000 system reception. In such a 
case, a switch S should also be provided in connection with the second an- 
tenna A2 to control the transmission and reception of the system used, as de- 
scribed above. 

[0037] It is also possible to configure all GSM functionalities in one 
35 antenna A1 and, similarly, all WCDMA functionalities (transmission and recep- 
tion) in another antenna A2 by means of a duplex filter. Naturally, no advan- 



tage of avoiding the use of a duplex filter is then provided but nevertheless, the 
strong isolation between the antennas reduces power losses between the an- 
tennas in such a configuration as well; this, again, preferably cuts down ther- 
mal losses and power consumption of the mobile station. 
5 [0038] Furthermore, according to an embodiment, the disclosed an- 

tenna structure can also be utilized in diversity reception wherein multipath- 
propagated signals are received via several antenna branches, which enables 
both the noise of a combined signal and interference caused by fades and in- 
terference to be reduced. Reception can then be carried out also using a 

10 lower-powered signal, which, in turn, increases the user capacity of the sys- 
tem. Furthermore, a higher-quality received signal enables the data rate to be 
increased. Diversity reception has typically been used in base station reception 
since in the known antenna solutions for mobile stations, the isolation and di- 
versity ratio between antennas are typically poor, which means that the poten- 

15 tial gain obtained from the diversity reception in order to strengthen the signals 
has also been minimal. Instead, in the presently disclosed antenna structure, 
the isolation between antennas is considerably strong whereas the diversity 
ratio is considerably small, which enables the antenna structure to be effi- 
ciently utilized also in the diversity reception of mobile stations. 

20 [0039] For example, polarizations between the first and the second 

radiator of the antenna structure of Figure 1 are almost orthogonal. The diver- 
sity ratio between the radiators is then also very small. At a frequency of 1950 
MHz, for example, wherein the efficiency of the first radiator is substantially 
50% and the efficiency of the second radiator substantially 75%, the diversity 

25 ratio between the radiators is substantially 0.02. Such a structure is thus ex- 
tremely well suited to be utilized in diversity reception. 

[0040] Figure 6 is a block diagram showing a preferred embodiment 
for implementing diversity reception. In the block diagram of Figure 6, an an- 
tenna A1 corresponds with the first radiator 120 of Figure 1 and, similarly, an 

30 antenna A2 corresponds with the second radiator 130 of Figure 1. Via a switch 
S, the antenna A1 is configured to receive (RX) data transmission according to 
both GSM frequencies. In addition, via the switch S, the antenna A1 is config- 
ured to transmit (TX) signals amplified by an amplifier block Amp1 at both 
GSM frequencies, i.e. EGSM 900 and GSM 1900. Furthermore, the antenna 

35 A1 operates as a first diversity branch (RX1) in the reception of the WCDMA 
2000 system, which is primarily responsible for the WCDMA 2000 reception. 



When a mobile station uses either of the GSM frequency ranges, the switch S 
is used for controlling the time-divisionally occurring alternation of transmission 
and reception within the particular frequency range. If, on the other hand, the 
WCDMA 2000 system is used, the switch S is shut off at all times and a re- 
5 ceived signal is filtered to a correct frequency band by means of a band-pass 
filter BPF1. 

[0041] The antenna A2 is configured to transmit a WCDMA 2000 
signal to be fed via an amplifier Amp2. In addition, the antenna A2 operates as 
a second diversity branch (RX1) in the reception of the WCDMA 2000 system, 

10 which is secondarily responsible for the WCDMA 2000 reception. Since the 
antenna A2 is configured both for the transmission and reception of the 
WCDMA 2000 system, a duplex filter DPF is required between a transmitting 
branch and a receiving branch. The characteristics of this duplex filter are not, 
however, nearly as critical as if all the functionalities (RX/TX) of the WCDMA 

15 2000 system were provided in the antenna A2. The diversity reception can 
thus be preferably implemented using a smaller duplex filter having less so- 
phisticated filtering characteristics while at the same time it is possible to 
achieve the above-described advantages of diversity reception. Diversity re- 
ception can also be preferably implemented in the GSM system, in which case 

20 the GSM reception takes place via both antennas A1 and A2. 

[0042] For illustrative reasons, different GSM and WCDMA systems 
have been used as examples in the above embodiments that can preferably 
be applied in connection with the antenna structure of the invention. However, 
it is obvious for one skilled in the art that the considerably strong isolation 

25 achieved by the antenna structure of the invention can also be utilized in con- 
nection with any other wireless data transfer wherein transmission and recep- 
tion take place simultaneously substantially within the same or adjacent fre- 
quency ranges. Consequently, the antenna structure of the invention can pref- 
erably be applied e.g. to a wireless local area network system IEEE 802.11b 

30 utilizing spread spectrum technology and to a wireless Bluetooth system utiliz- 
ing time division technology, both operating within a frequency range of 2400 
to 2483.5 MHz. Despite the overlapping nature of the frequency ranges, both 
systems can preferably be coupled to the antenna structure of the invention. 
Furthermore, strong isolation is to be provided between an antenna used for 

35 GPS satellite positioning and antennas of different cellular mobile communica- 
tion systems although the frequency range of the GPS system (1227/1575 



MHz) does not overlap with the commonly used cellular mobile communication 
systems. 

[0043] It is obvious to one skilled in the art that as technology ad- 
vances, the basic idea of the invention can be implemented in many different 
ways. The invention and its embodiments are thus not restricted to the above- 
described examples but may vary within the scope of the claims. 



